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Forest Cover Change Detection Using Remote Sensing and Ground 
Survey in Karkoj map sheet, Sennar State - Sudan  
 
Abstract 
 
The assessment of forest cover and its change is an essential issue in forest 
management, on the way to develop the methods for estimating the forest 
resource and its changes to support the policy makers to take a decision that 
may ensure and maintain the resource. 
 
The main objective of this research is to evaluate the efficiency of 
successive ground inventory on one hand and remote sensing and GIS on 
the other hand as tools for forest resource assessment in the vast Blue Nile 
area (Karkoj map sheet). 
 
The results obtained by the analysis of remote sensing data (Landsat image 
1996) were compared with the results taken by ground survey of the same 
year. Conducted by the National Forest Resources Inventory (NFRI) plan 
data was also collected in 2005 from the same plots measured in 1996 in 
order to estimate the changes between the two periods. 
 
The main findings of the research are; the remote sensing and GIS gives 
similar information about land cover when compared with ground 
measurements as a reference method. The results taken from successive 
inventory (1996 and 2005) facilitated detailed information about vegetation 
cover in the study area. In the map sheet under investigation with an area 
about (691086) hectare (ha), the results show the forest area decreased from 
325 217 ha in 1996 to 121 956 ha in 2005. The decrease was mainly due to 
agricultural expansion. The results indicated that some of the valuable tree 
species disappeared, the number of stem per unit area also decreased and 
the number of regeneration decreased. 
 
The remote sensing technique and GIS integrated with ground survey can 
be reliable in providing information on land cover and its changes.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
رﺻﺪ ﺗﻐﻴﺮ ﻏﻄﺎء اﻟﻐﺎﺑﺎت ﺑﺎﺳﺘﺨﺪام اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ واﻟﻤﺴﺢ اﻻرﺿﻰ 
  اﻟﺴﻮدان-وﻻﻳﺔ ﺳﻨﺎرﻜﺮآﻮج ﺷﻴﺖ ﺑ
 
 اﻟﺨﻼﺻﺔ
 
ﺑﺎﺳﺘﺤﺪاث وذﻟﻚ , ﻢ اﻟﻐﻄﺎء اﻟﻐﺎﺑﻰ وﺗﻐﻴﺮاﺗﻪ ﻣﻦ اﻟﻌﻨﺎﺻﺮ اﻟﻤﻬﻤﺔ ﻓﻲ إدارة اﻟﻐﺎﺑﺎتﻮﻳﺗﻌﺘﺒﺮ دراﺳﺔ وﺗﻘ
 اﻟﺘﻲ ﺗﺆدى ت ﻻﺗﺨﺎذ اﻟﻘﺮاراوﺗﻄﻮﻳﺮ اﻟﺴﺒﻞ ﻟﺤﺼﺮ ﻣﻮرد اﻟﻐﺎﺑﺎت وﺗﻐﻴﺮاﺗﻪ ﻣﻤﺎ ﻳﺪﻋﻢ ﻣﺘﺨﺬي اﻟﻘﺮار
  .ﺎء واﻟﻤﺤﺎﻓﻈﺔ ﻋﻠﻰ اﻟﻤﻮردﻘإﻟﻰ اﻟﺒ
 
ﻢ آﻔﺎءة اﺳﺘﺨﺪام اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ وﻧﻈﻢ اﻟﻤﻌﻠﻮﻣﺎت ﻮﻳهﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ ﺑﺸﻜﻞ اﺳﺎﺳﻰ إﻟﻰ ﺗﻘ
اﻟﺠﻐﺮاﻓﻴﺔ ﻣﻦ ﺟﺎﻧﺐ واﻟﺤﺼﺮ اﻻرﺿﻰ اﻟﻤﺒﻨﻰ ﻋﻠﻰ ﻧﻤﺎذج ﺛﺎﺑﺘﺔ ﻣﻦ ﺟﺎﻧﺐ ﺁﺧﺮ آﻮﺳﺎﺋﻞ ﻟﺤﺼﺮ 
  .ﺮآﻮجاﻟﻐﺎﺑﺎت وذﻟﻚ ﺑﻮﻻﻳﺔ ﺳﻨﺎر ﻣﻨﻄﻘﺔ آ
 ﻣﻊ اﻟﻨﺘﺎﺋﺞ 6991 ﻣﻘﺎرﻧﺔ اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻣﻦ ﺗﺤﻠﻴﻞ ﺻﻮرة اﻷﻗﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ ﻟﺴﻨﺔ ﺖ ﺗﻤ
ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﻴﻬﺎ ﻣﻦ ﻣﻌﻠﻮﻣﺎت اﻟﻤﺴﺢ اﻷرﺿﻲ . اﻟﻌﺎمﺿﻲ ﻟﻨﻔﺲ ااﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻣﻦ اﻟﻤﺴﺢ اﻷر
اﺳﺔ ﻓﻲ ﺬﻩ اﻟﺪر وأﺧﺮى أﺧﺬت ﻟﻬ6991اﻟﺤﺼﺮ اﻟﻘﻮﻣﻲ اﻟﺬي ﻗﺎﻣﺖ ﺑﻪ اﻟﻬﻴﺌﺔ اﻟﻘﻮﻣﻴﺔ ﻟﻠﻐﺎﺑﺎت ﻓﻲ ﻋﺎم 
 ﺧﻼل ﺗﻠﻚ اﻟﻔﺘﺮة اﻟﺬى ﺣﺪث ﻟﺘﻘﺪﻳﺮ اﻟﺘﻐﻴﺮ 6991 اﻟﻌﻴﻨﺎت اﻟﺘﻲ ﺣﺼﺮت ﻋﺎم ﻊﺑﻴ ﻟﻨﻔﺲ ﻣﺮا5002ﻋﺎم 
  .ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ
 
اﻟﻨﺘﺎﺋﺞ اﻷﺳﺎﺳﻴﺔ اﻟﺘﻲ وﺟﺪت ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ هﻲ؛ ﻧﻈﺎم اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ وﻧﻈﻢ اﻟﻤﻌﻠﻮﻣﺎت 
اﻟﻨﺘﺎﺋﺞ . ﺢ اﻷرﺿﻲ آﻨﻈﺎم ﻣﺮﺟﻌﻲاﻟﺠﻐﺮاﻓﻴﺔ أﻋﻄﻰ ﻧﺘﺎﺋﺞ ﻣﻤﺎﺛﻠﺔ ﺗﻘﺮﻳﺒﺎ ﻋﻨﺪ ﻣﻘﺎرﻧﺘﻬﺎ ﻣﻊ ﻧﻈﺎم اﻟﻤﺴ
ﻮﻓﺮ ﻣﻌﻠﻮﻣﺎت ﺗ( 5002 , 6991 )اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻣﻦ اﻟﺤﺼﺮ اﻷرﺿﻲ اﻟﻤﺘﺘﺎﻟﻲ ﻟﻨﻔﺲ اﻟﻤﻨﻄﻘﺔ 
  .ﺗﻔﺼﻴﻠﻴﺔ ﻋﻦ اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ ﻓﻲ اﻟﻤﻨﻄﻘﺔ
 
وﺿﺤﺖ أن اﻟﻐﺎﺑﺎت أاﻟﺪراﺳﺔ ,  هﻜﺘﺎر7.680196اﻟﻤﻨﻄﻘﺔ ﺗﺤﺖ اﻟﺪراﺳﺔ ﺗﺒﻠﻎ ﻣﺴﺎﺣﺘﻬﺎ ﺣﻮاﻟﻲ 
وهﺬا اﻟﺘﺪهﻮر ,  5002 -6991 ﻣﺎﺑﻴﻦ وذﻟﻚ  هﻜﺘﺎر659121 هﻜﺘﺎر إﻟﻰ 712523ﺗﺪهﻮرت ﻣﻦ 
ن هﻨﺎك وﺿﺤﺖ اﻟﺪراﺳﺔ أﻳﻀﺎ أ. ﺑﺸﻜﻞ أﺳﺎﺳﻲ ﺑﺴﺒﺐ اﻟﺘﻮﺳﻊ ﻓﻲ اﻟﺰراﻋﺔ ﻋﻠﻰ ﺣﺴﺎب اﻟﻐﺎﺑﺎت
وﺿﺤﺖ اﻟﺪراﺳﺔ أن ﻋﺪد أ وآﺬﻟﻚ . ﻤﺔ اﺧﺘﻔﺖ ﺧﻼل ﻓﺘﺮة اﻟﺪراﺳﺔﻴﺑﻌﺾ اﻷﻧﻮاع اﻟﺸﺠﺮﻳﺔ اﻟﻘ
  .اﻷﺷﺠﺎر وآﺬﻟﻚ اﻟﺒﺎدرات ﻓﻲ وﺣﺪة اﻟﻤﺴﺎﺣﺔ ﺗﻘﻠﺼﺖ
ﺪ ﺗﺪﻋﻴﻢ اﻟﻤﺴﺢ اﻷرﺿﻲ ﺑﻨﻈﺎم اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ وﻧﻈﻢ اﻟﻤﻌﻠﻮﻣﺎت اﻟﺠﻐﺮاﻓﻴﺔ ﻳﻌﻄﻰ ﻧﺘﺎﺋﺞ أﻓﻀﻞ ﻋﻨ
  .   وﻳﺤﺴﻦ اﻟﺘﻘﺪﻳﺮات ﻟﻠﻐﻄﺎء اﻷرﺿﻲ وﺗﻐﻴﺮاﺗﻪ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter Ι 
Introduction 
 
1.1 Background 
Sudan is the largest country in Africa with total land area 2. 5 million km², 
of which, 25.9% is forest area equivalent to about 61.6 million ha. The 
country lies between latitude 3.2o N to 23.0o N and longitude 21.75o E to 
38.5o E.  The Sudan is characterized by a wide range of climatic zones that 
are very variable in the amount of rainfall. Rainfall decreases from North to 
South in amount and duration ranging from less than 25 mm per annum in 
the North to about 1500 mm in the South.  Associated with the rainfall 
amount and distribution and affected by the soil types, are the ecological 
regions, which run North South across the country, ranging from the desert 
zone in the North to high rainfall woodlands savannas zone in the South. 
Two-thirds of the area of Sudan is located within arid and semi-arid 
regions. The most important and referenced classification of the vegetation 
in the Sudan was documented by Harrison and Jackson (1958). 
 
Forests and their products play an undoubted great and important role in the 
country’s economy. Wood fuel contributes substantially to the total national 
energy supply. Poles and sawn timber for furniture and construction are 
supplied by forests. Gum arabic and other tree gums are among the very 
important foreign exchange earners. Of prime importance is the role played 
by forests in the protection of the environment against desertification, desert 
creep and agricultural land deterioration. The last phenomenon leads to 
agricultural crops failure and consequently malnourishment and famines. 
 
Blue Nile State constitutes an important area of forest resources in the 
Sudan, where the forests play significant role to the economy mainly 
through provision of wood and non-wood forest products. Dry land forests 
are not known for their export-oriented timber production. They are mainly 
source of fuel wood and other non-wood forest resources. Sudan is a major 
producer of Gum Arabic, producing more than 80% of the world market in 
addition to many other services provided by forest (Abdelgalil, 2003). 
However, some changes have occurred in forest area and cover as a result 
of tree cutting as well as land use changes, which resulted in negative 
impacts on ecosystem functioning and patterns over large areas and long 
period of time (Steven, 2001). Currently it is becoming very essential to 
evaluate the trends of these changes. 
 
Now a day, there has been an increasing effort to establish permanent 
sample plots for many purposes. The permanent sample plot databases 
inherit reflect the needs and capabilities of the past generation, and should 
be from previous studies periodically reviewed and updated as necessary to 
satisfy current needs and to provide for future opportunities (Trevor et. al., 
1992). Charles (1998) Stated that using permanent plots to estimate the 
change is recommended for any forest monitoring design. 
 
Since 1970s remote sensing and GIS become very popular and handy tools 
for resources monitoring, evaluation, planning and detection of the change 
on forest area (small or large scale) to meet the demands and interests of the 
population on sustainable basis (Erika et al., 2005).  
 
Application of remote sensing in forest management is presented in four 
categories that include classification of forest (cover type), inventory, 
change detection and forest modelling (Steven, 2001).  
 
1.2 The change of forest area in Sudan 
It has been observed that there is an obvious change in the forest cover in 
the Sudan, and many researches have shown the declining forest resources 
and warned from the negative consequences (FAO / FNC, 1998).  
 
The Sudan has never had a truly national forest inventory. The long-scale 
inventory; The National Forest Resources Inventory (NFRI) was launched 
in 1995 and restricted only to the north part of the country, covering most of 
the area north of latitude 10o N with crown cover of more than 10%. NFRI 
covered an area of 62.3 million ha equivalent to about 24% of the total 
surface area of the country. The results of the inventory were published in 
1998.  
 
However, some tracts of forests have been inventoried before, such as 
biomass resources east of the Nile conducted 1991, Southern Blue Nile and 
Northern Bahr El Ghazal carried 1984, part of Kordofan and Darfur 
executed 1990-1994, and parts of northern Blue Nile carried 1994, besides 
the regular inventory of forest reserves under management plans (FAO / 
FNC, 1998).  
 
There is a need to develop a combination between terrestrial inventory and 
remote sensing, to integrate heterogeneous data sources. During the past 
decades forest cover changed much significantly in the tropical dry land 
more than the other parts in the world (Erika et al., 2005). 
 
 Myers (1994) highlights the impact of deforestation in tropics particularly 
on the loss of species, the biodiversity, and climate change and to other 
aspects of environmental degradation.  
     
As a conclusion, (Abdelgalil, 2003) estimated that total decline in forest 
cover proceeds at a varying annual rate of 1-5%, giving an average rate for 
the past decade of 3% in the Sudan. A huge gab between afforestation and 
deforestation was noticed to stand at 1:32 respectively. Yet Sudan suffers 
from deforestation, especially for purpose of agriculture (Odera, 1996). 
Figures appearing in reports show the total forest area varying between 
40.6% and 18.2% of the country (Loach et. al., 1987). According to many 
authors including (FAO, 2001) through Forest Resource Assessment 
program (FRA), among the major regions, Africa has been the most 
affected with an annual deforestation rate of 0.8 percent (15.4 million 
hectares per annum). The Sudan reported to have higher deforestation rates 
of about 1.4 percent (959,000 ha per year), which is about twice as the 
African percentage rate of deforestation. The change in forest cover in the 
Sudan between 1990 and 2000, showed an average decrease of 589,000 ha 
of forest per year, that is equivalent to an average annual deforestation rate 
of o.77%.  
 
In total, between 1990 and 2005, it was predicted that the Sudan lost 11.6% 
of its forest cover (a round 8.84 million ha) during that period (FAO, 2002).  
 
1.3 Problem statement  
The main problem in forest management is contained in how to take fast, 
consistent, versatile, accurate, cost-effective and up to date information 
(Steven, 2001). Reliable information on the status and trends of forest 
resources helps decision-makers for orienting forestry policies and 
programmes.  Land use maps provide the basis for discussions with local 
land users and stakeholders on improving land management practices for 
the purpose of achieving sustainability. Unfortunately, land use is notorious 
for changing rapidly and consequently, the existing maps are quickly 
outdated (Kleinn, 2002). However, in most cases the land use planners have 
to prepare new land use maps or update the existing ones before actual 
planning can take place using remote sensing data sources. Land sat TM 
and spot data have long been established as effective means to prepare land 
use maps at scales ranging from 1:100000 to 1:50000. 
 
However successive inventories facilitate detection of changes in forest 
cover but the process of measurement is slow.     
 
1.4 Objectives 
The main objective of the present study is to estimate the forest area and its 
changes over time. The specific objectives include: 
i. To assess and evaluate forest and forest cover changes using digitized 
satellite imagery and ground assessment, 
ii. To add new dimensions to up-dating maps by using the method of  
remote sensing as a tool for monitoring of the change, 
iii. To develop methods based on the results obtained that may help in 
future forest planning in the region, 
iv. To provide tools that facilitates forest management on sustainable 
basis. 
 
1.5 Research hypotheses 
a) The forest cover of the Blue Nile area has been significantly changed 
(deforestation) during the period 1996-2005, 
b) Deforestation is caused mainly by human factor, particularly land 
clearance for mechanised agriculture, firewood and charcoal. 
c) Remote sensing, GIS tool, can provide forest resource assessment 
compatible with ground surveys.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter ΙΙ 
Literature review 
 
2.1 The forest and forest change definitions 
More than 90 different definitions of forest are in use throughout the world 
that may complicate the efforts made on measurements and evaluation of 
forest-cover change (Erika et. al., 2005). 
  
Forest is a minimum area of land of 0.05-1.0 hectares with tree crown cover 
(or equivalent stocking level) of more than 10-30 percent with trees with the 
potential to reach a minimum height of 2-5 meters at maturity in situ. 
 
 A forest may consist either of closed forest formations where trees, of 
various storys and undergrowth, cover a high proportion of the ground or 
open forest. Young natural stands and all plantations which have yet to 
reach a crown density of 10-30 per cent or tree height of 2-5 meters are 
included under forest, as are areas normally forming part of the forest area 
which are temporarily un-stocked as a result of human intervention such as 
harvesting or natural causes but which are expected to revert to forest 
(UNFCCC, 2002). 
 
Forest is a land area of more than 0.5 ha, with a tree canopy cover of more 
than 10%, which is not primarily under agricultural or other specific non-
forest land use. In the case of young forests or regions where tree growth is 
climatically suppressed, the trees should be capable of reaching a height of 
5.0 m in situ, and of meeting the canopy cover requirement 
(UNEP/CBD/SBSTTA, 2002). 
Forest includes natural forests and forest plantations. 
 
 It is used to refer to land with a tree canopy cover of more than 10 percent 
and area of more than 0.5 ha. Forests are determined both by the presence 
of trees and the absence of other predominant land uses. The trees should be 
able to reach a minimum height of 5.0 m. Young stands that have not yet 
but are expected to reach a crown density of 10 percent and tree height of 
5.0 m are included under forest, as are temporarily un-stocked areas. The 
term includes forests used for purposes of production, protection, multiple-
use or conservation (i.e. forest in national parks, nature reserves and other 
protected areas), as well as forest stands on agricultural lands (e.g. 
windbreaks and shelterbelts of trees with a width of more than 20.0 m), and 
rubber wood plantations and cork oak stands. The term specifically 
excludes stands of trees established primarily for agricultural production, 
(fruit tree plantations). It also excludes trees planted in agroforestry systems 
(FAO, 2001). 
 
The forest changes occur in two different ways: increase (afforestation, 
reforestation) or decrease (deforestation), (Figure 2.1). Changes in land 
cover driven by land use can be categorized into two types; the first one is 
“modification”, which means change of condition within a cover type, for 
example, unmanaged forest modified to a forest managed by selective 
cutting. Significant modifications of land cover can occur within these 
patterns of land cover change. Another example is degradation which is 
defined as changes within the forest class that negatively affect the area of 
the forest, in particular, lower the production capacity (FAO, 1995b). The 
second one is “conversion”, which refers to change from one cover type to 
another, such as deforestation to create cropland or pasture. 
 
Figure (2.1): The change in the forest land 
Source: (FAO, 1995b) 
 
Most of the definition collected by (Lund, 1999), characterized 
deforestation as the long term or permanent removal of forest cover and 
conversion to non-forested land use. The most common accepted definition 
of deforestation is the one from the United Nation Food and Agriculture 
Organization (FAO, 2001), which states that deforestation occurs when 
forest is converted to another land cover or when the trees canopy cover 
falls below a minimum percentage threshold (10% for the FAO definition). 
 
Reforestation commonly refers to any act involving reestablishment of trees 
regardless of whether it follows harvesting or along period of deforestation 
that does not include harvesting (Lund, 1999). 
 
Degradation refers to decrease in its condition, this being related to one or 
more of ecosystem components (Jean, 2003). Forest degradation is defined 
as a process leading to temporary or permanent deterioration in the density 
or structure of vegetation cover or its species composition, and thus to a 
lower productive capacity of the forest (FAO, 2001).   
 
2.2 Deforestation in the Sudan  
The impacts of large-scale and rapid deforestation in dry tropical forest, 
discourses on deforestation have strong linkages with those on biodiversity 
loss, climate change and desertification.  
 
Globally land cover today is altered principally by direct human use: by 
agricultural expansion, fuel wood collection, forest harvesting, 
management, urban and suburban construction and development, through 
the population growth and poverty (Myers, 1994). 
 
2.2.1 The mechanisms of deforestation 
In any area deforestation occurs because basic driving forces, such as 
population and economic growth act as forces called here the mechanisms 
of deforestation. As Helmut J. and Eric F. (2002) have pointed out, 
deforestation is a complex ecological and socio-economic process caused 
by a number of human and natural factors.  
 
Some abrupt changes in the climatic conditions were responsible for the 
disappearance of closed and evergreen forests. No systematic information 
on deforestation caused by natural factors is available; therefore special 
attention will be given to human actions that have caused loss of forest 
cover. Deforestation and removal of natural vegetation is increasingly 
caused by various human activities. Human activities such as logging and 
agriculture are typically identified as the direct or proximate causes of dry 
land tropical deforestation, though indirect causes or larger driving forces 
such as population growth, policy, economic growth and poverty represent 
other factors. Conventional economic theory holds that rising commodity 
prices lead to increase in logging and clearing of forest area for agricultural 
purposes Thomas and Bruce, (1993). Poverty usually drives those affected 
to rely more on the natural resources for survival. Suzi et. al., (2004) state 
that poorer areas are cleared more rapidly than rich, suggesting the poverty 
increases deforestation. 
 
2.2.1.1 Agricultural expansion 
The expansion of agriculture, particularly mechanised farming, is 
considered to be an important factor in deforestation in many areas. Over 
the past decades in most dry land, the decline in forest and wood lands is 
mainly the result of land conversion, in particular agricultural expansion, 
promote the expansion of either shifting or permanent agriculture into 
forested area; the simplest way for a poor country to increase its food 
supply in response to rising population is by increasing the area of farmland 
rather than the intensity of land use (Figure 2.2). Thomas and Bruce, (1993) 
state that deforestation in small forest driven by the agricultural activities of 
the poor and landless peasants. Conversion of natural forests and woodlands 
is still the main strategy and source of agricultural expansion in most 
developing countries. It has been very obvious that in the natural forests of 
the dry land the clearing of the land for agriculture are the primary activities 
resulting in deforestation. 
 
In Africa, farming is generally identified as the most important cause of 
deforestation. Analysis by (FAO, 2001) revealed that 60-70 % of the 
outright clearing of forests and woodlands in Africa is for agriculture, 
estimating rate at 0.6%/year, 4% of forests were deforested through shifting 
cultivation into undisturbed forest, 8% through intensification of agriculture 
in already shifting agricultural areas, 60% as direct conversion of forest area 
to small-scale permanent agriculture,12% as direct conversion of forest area 
to large-scale permanent agriculture and 17% for other purposes like fuel 
wood collection etc (Campbell, 1984).  Since 1920, over 90 million hectares 
of land have been opened to cultivation in Africa the largest increase of any 
continent (Adger et al., 2001). Abdelgalil et. al. (2003) mentioned that 
deforestation in dry land is driven by agricultural expansion. The extent of 
degradation in semi arid zones is more influences by agricultural activities 
than in arid zones while over exploitation in arid zones is more important in 
natural resources degradation (Chikamai and Kigomo, 2003).  
  
According to Lester and Edward (1985), as people seek new agricultural 
land, natural forests retreat before the plough. Antonio (1991), state of that; 
migratory agriculture account for 70 percent of deforestation in Africa. 
While Abdelbagi and Babiker (1982) stated that, the major cause of 
deforestation is land clearing for mechanized farming.  Siiriainen, (1987) 
revealed that cultivation; cattle herding as well as iron and other metals 
production have played key roles in the historical deforestation processes. 
 
Jean (2003) pin point the expansion, by the means of clearing, of the 
different forms of subsistence agriculture, of cash cropping, or of ranching 
are all evident factors of deforestation.  
2.2.1.2 Fuel wood consumption 
Fuel wood collection joins agricultural expansion as a prominent direct 
cause of deforestation. Expanding demand for forest products, coupled with 
more intensive exploitation of forest and poor forest management practices, 
have critically depleted timber supplies in many tropical countries (Tole, 
1998). In open woodlands, access is seldom a problem, and timber logging 
is not important since commercial timber content is low and most wood is 
used for fuel. Local people usually satisfy their fuel wood needs by 
collecting dead wood, and it is mainly outside fuel wood gangs who harvest 
large quantities of green wood and sell it as either fuel wood or charcoal in 
cities (Alan, 1999). 
  
To cover energy needs, most households in developing countries resort to 
freely gathered biomass fuels. Alan (1999) stated that in some dry areas 
such as West African Sahel, fuel wood collection is by far the dominant 
factor of deforestation. Deforestation is also a consequence of developing 
countries fundamental dependency on their forests for basic biomass 
supplies, particularly fuel wood. In many regions of developing tropical 
countries, demand for fuel wood is high.  
 
An estimated 100 million people in developing countries can no longer 
meet minimum fuel wood requirements (Tole, 1998). Variables measuring 
expansion in fuel wood production were consistently and highly related to 
loss of forest cover. The World Bank has attributed about 20 percent of 
forest loss to fuel wood use (Bilsborrow et. al., 1991).  
 
For example it is observed that the deforested areas concentrate around the 
settlements and the water holes. The impact of population growth on fuel 
wood consumption is direct. 
 
The Sudano-Sahelian belt feature is one of the most rapid annual population 
growth rates of the continent, mainly rural population. This growth has 
resulted in extensive land degradation by the hay consumption of fuel wood 
spatially a round the settlement (Adger et al., 2001).  
  
The FAO (1995a) showed that 84 percent of the round wood produced in 
the region was used as fuel wood. Hofstad, (1997) stated that using of 
charcoal during 1975-1989 led to deforestation in dry areas (Figure 2.3). 
Abdallah, (1991) referred the deforestation to over-cutting of forests for 
charcoal production. The Sudan has lost three-quarters of its original forests 
(mostly since 1950) and continues to lose forest cover at a high rate. While 
some deforestation results from the extensive use of fuel wood for cocking, 
the influx of refugees and other migrants to previously unexploited lands 
has played an important role as well (Ibrahim, 1987; Little, 1987; 
Bilsborrow et. al,. 2001). 
 
However, open woodlands are also simultaneously degraded by other land 
uses. Grazing and fuel wood collection both cause some deforestation and 
loss of tree density in addition to those resulting from agricultural 
expansion. They also reduce the biomass of trees and shrubs that are not 
completely removed. 
 
 
Figure (2.3): Land clearance for charcoal making in the study area 
 
2.2.1.3 Population growth 
Population growth contributes to deforestation directly by raising the 
demand for energy, land, and food. However, it’s also contributes to 
deforestation indirectly, by generating land and resources scarcities that 
stimulate out migration by the poor (Tole, 1998). Within developing 
countries in general, population pressure is increasing fastest in areas that 
are ecologically least able to support large numbers of people (Leonard 
1985). The vast majority of the literature fails to even consider the role of 
fertility and natural population growth in situ on the loss of forest cover 
(Bilsborrow et. al., 2001).   
 
Dry lands in Africa are generally characterized by high population density 
(UNDP/UNSO, 1997). Thirty-seven percent of the world population live in 
the dry lands that prone to drought and susceptible to desertification. 
 
 Africa has 41% of the population living in the dry lands with the greatest 
population (18%) found in the semi-arid zones. A growing population puts 
greater demands on the land. The fragility of the underlying resource base 
in the dry lands implies a limited capacity to absorb increased numbers of 
people, resulting in deforestation (Campbell, 1984). In developing 
countries, human population density or growth rates are determining factor 
for the rate of deforestation (Allen and Barners, 1985; Pahari and Murai, 
1999).  
 
2.2.2 Impacts of deforestation 
Determining the effects of land-cover change on the Earth system depends 
on an understanding of past land use practices, current land use and land 
cover patterns, and projections of future land use and cover:, as affected by 
human institutions, population size and distribution, economic 
development, technology and other factors (Jose, et al., 2003).    
 
Deforestation is a widely spread and complex socio- economic problem in 
the third world. Excessive deforestation causes generally more social cost 
than benefit. The burning of forest cover has been identified as one of the 
major sources of carbon- dioxide discharge into the atmosphere. Equally 
serious is the fact that deforestation leads to lose of an important source of 
absorbing and retaining atmospheric CO². After fossil fuel burning, 
deforestation is the next largest source of global carbon emissions 
(Houghton et. al. 1983; Dixon et. al. 1994).  
 
The forecasted subsequent change in temperature, rainfall and other aspects 
of climate are discernable globally. Of prime importance is the role played 
by forests in the environment protection against desertification, desert move 
stealthily and agricultural land deterioration leading to agricultural crops 
failure the consequent hunger and famines. In the development of 
agriculture, natural trees formations have often been eliminated, leading to 
increased erosion and subsequent losses in productivity and shortened life 
spans of reservoirs (FAO, 1992). One of the most frequently recognized 
human causes of land degradation is deforestation.  
 
The loss of biodiversity has been highlighted as one of primary 
consequences of deforestation (Adger,et.al., 2001).  There is no doubt that 
deforestation is threatening or eliminating numerous forest ecosystems, 
species and genetically unique populations, including valuable forest 
genetic resources (Isager, et. al., 2002). Also Thomas and Bruce, (1993) 
stated that tropical deforestation has adverse consequence for humans and 
the larger biosphere, resulting in increased atmospheric carbon dioxide 
levels and climate change, reductions in biological diversity through species 
extinction, and the displacement of indigenous peoples. Of equal relevance 
are deforestation effects on ecosystem function, affecting both the 
biological and utility values requiring the maintenance of ecological 
integrity (Wilcox, 1995). Tarig (2004) said one of the major desertification 
causes are deforestation beside other factors. Murdiyarso, et. al. (2002) 
pointed out that in the result of deforestation potential timber and 
environmental benefits from forest land are irreversibly lost. 
 
2.3 Forest inventory 
2.3.1 Continuous forest inventory 
Methods of forest inventory have principally been developed for estimating 
the standing volume of wood in forests and for monitoring changes in 
forests structure and growth with time (Newton and Kapos, 2002). 
Continuous forest inventory denotes a set of permanent sampling locations 
that are revisited periodically (Edwin, 1992).  In recent years, there has 
been an increasing effort to establish permanent sample plots for many 
purposes. The permanent sample plot databases inherit from previous 
studies reflect the needs and capabilities of the past generation, and should 
be periodically reviewed and updated as necessary to satisfy current needs 
and to provide for future opportunities (Trevor et al., 1992). Charles (1998) 
recommended that any forest monitoring design should use permanent plots 
to estimate change. This requires monument plot locations with such things 
as Global Positioning System coordinates. In this way, each plot and each 
tree can be revisited to observe the change since the previous survey and 
determine the status. The re-measured samples provide estimates of the 
component of change. Together they provide efficient estimates of current 
values and good estimates of change.  
 
2.3.2 National forest inventory  
 National Forest Inventory (NFIs) provides information relevant for national 
–level decision making, policy formulation and monitoring for forestry and 
related sectors, as well as for forestry planning in smaller geographical or 
political units at the sub national level (Kleinn, 2002). Remote sensing and 
Geographical Information System (GIS) may affect an NFI; it is a central 
and indispensable source of information for many forest variables to give a 
good option for cost reduction particularly in the fieldwork (Kleinn, 2002). 
2.3.3 National Forest Inventory and remote sensing 
The integration of satellite images with GIS offers new possibilities in land 
cover mapping or forest inventory. Efficient integration of data from 
different sources, particularly integrating data from field samples with 
remote-sensing imagery, may be of benefit to NFIs. All remote-sensing 
based forest resource surveys need to be supported by field observations or 
measurements. The need for extensive field sampling is currently 
emphasized, to complement and enrich the remote sensing surveys of the 
forests. In principle, a certain minimum number of field plots are needed for 
each image (Kleinn, 2002). The remote-sensing survey may have gained 
valuable information for regional and global analysis of forest area and 
forest area change.  
 
However, for many other similarly important variable, such as above-
ground woody biomass, growth and yield, merchantable wood, non-wood 
forest products and biodiversity indices, satellite data are weak or useless 
without sample-based forest inventory plots (Schreuder, 2001; Kleinn, 
2002).  
     
Advancement of technology such as remote sensing improves efficiency of 
forest assessments, leading to cost saving and/or improving accuracy and 
precision. Early NFIs relied almost completely on field observations. In the 
sixties and seventies in the past century, when FAO supported and carried 
out many Technical Cooperation Projects (TCPs) implementation of NFI in 
developing countries, FAO conducted a remote-sensing study of tropical 
forests to complement the information and to understanding the land-cover 
change processes in the tropics, especially deforestation, yet field 
observations were still the single most important information source. Aerial 
photographs were used in some cases, and at the end of the 1970s, first 
attempts with the newly available Land-sat multi-spectral scanner (MSS) 
were made. Satellite data and imagery then entered rapidly into NFRI, 
particularly in tropical dry countries, and the emphasis shifted from field 
observation to image interpretation. In some cases, mere satellite-imagery 
based forest cover mapping was dominated as “forest inventory”. Map 
products derived from satellite image interpretation have since been the 
dominant output of forest inventories in many tropical dry countries. 
 
 Remote sensing allows spatially explicit observation of changes of forest 
types over large areas. For this particular task, remote sensing is very 
useful. The major analytical utility of remote sensing-derived imagery in 
small-area NFRIs lies in complementing the information from field plots or, 
in more general terms, in linking remotely sensed data to other geo-
referenced data. During the years 1991- 1995, in the framework of the 
Forest Resource Assessment 1999, FAO carried out a tropical survey for an 
independent assessment of forest cover, deforestation rates and to study the 
associated processes of change. 
 
 The main contribution of the remote sensing survey has been the first 
consistent description of the processes of change. In addition to the 
quantitative estimation of deforestation trends, (change of deforestation 
rates) it is interesting to analyze the variations occurring to the change 
processes before and after, which we may call process trends. This analysis 
helps to understand how the causes and mechanisms associated to 
deforestation are changing in time (Kleinn, 2002). 
 
2.4 Remote sensing 
2.4.1 Definition of remote sensing 
Lillesand and Kiefer, (1994) defined remote sensing as, science and art of 
obtaining information about an object, area or phenomenon through the 
analysis of data acquired by a device that is not in contact with the object, 
area or phenomenon under investigation. Remote sensing means the sensing 
of the earths surface from space by making use of the properties of 
electromagnetic waves emitted, reflected or diffracted by the sensed 
objects, for the purpose of improving natural resources management, land 
use and the protection of the environment (UN, 1999). Sabins, (1996) 
defined remote sensing as, science of acquiring, processing and interpreting 
images that record the interaction between electromagnetic energy and 
matter. While Lintz and Simonett, (1976) reported that remote sensing 
refers to acquisition of physical data of an object without touch or contact. 
 
2.4.2 Electro magnetic energy and remote sensing 
Remote sensing is based on the measurement of electro magnetic energy 
and it takes several different forms. The most obvious form of electro 
magnetic energy that we experience is light. The Sun is the source for most 
electro magnetic energy. The remote sensing sensor measures the energy 
that is reflected by the earth’s surface. Most sensors used in remote sensing 
measure the reflected sun light. Some sensors, however, detect energy 
emitted by the earth itself or provide their own energy. The amount of 
energy radiated by an object depends on its absolute temperature, emissivity 
and is a function of the wavelength, (Figure 2.4). 
  
 
Figure (2.4): Spectral reflectance curve for vegetation, soil, and water. 
Source: Lillesand et al., (1994). 
 
2.4.3 Remote sensing and vegetation cover   
Remote sensing techniques provide a powerful tool for obtaining such 
information on vegetation. Radiometric measurements in the solar spectral 
domain contain useful information about vegetation. The reflectance 
characteristics of vegetation are dependent on the properties of the leaves 
including the orientation and the structure of the leaf canopy. The 
proportion of the radiation which is reflected in the different parts of the 
spectrum depends on leaf pigmentation, leaf thickness and composition 
(cell structure) and on the amount of free water in the leaf tissue. In the 
visible portion of the spectrum, the reflection from the blue and red light is 
comparatively low since these portions are absorbed by the plant for 
photosynthesis and the vegetation reflects comparably more in the green 
light. The reflectance in the near infrared is highest but the amount is 
proportional to the leaf development or the cell structure of the leaves. 
 
 In the middle infrared, the reflectance is mainly determined by the free 
water in the leaf tissue; the more free water the leaves have the less will be 
the reflectance. They are therefore called water absorption bands. When the 
leaves dry out, at this stage there is no photosynthesis, causing reflectance 
in the red portion of the spectrum to be higher. Also, the leaves will be 
drying which results in higher reflectance in the middle infrared where as 
the reflectance in the near infrared may be decreased (Figure 2.5).  
          
 Analysis of remotely sensed data has revealed the possibility of using 
remote sensing techniques to characterize vegetation properties, and much 
knowledge has been gained about the role of vegetation in environmental 
and climate change (Steven, 2001).   
 
 
 
 
 
 
 
 
 
 
 Physical radiation at the object of remote sensing 
↓ 
Radiation/ reflection of electro-magnetic wave 
↓ 
Re-transmission through the atmosphere to the sensor 
↓ 
Change by scattering and absorption 
↓ 
Data recording and storage by sensor 
↓ 
Image processing 
↓ 
Image analysis 
↓ 
Information products (maps) 
 
Figure 2.5: The system (remote sensing), (Sylvana, 2004) 
 
2.4.4 Image Transformation  
Simple image transformations may be very useful in understanding image 
data; image ratios and multi temporal image displays may be a key in 
understanding and enhancing differences between features in scene and 
over time. Each frequency or polarization appeared best correlated with a 
different feature of the forest; rationing allowed the information content of 
the many different images to be captured in smaller data set. Typically the 
ideas behind image transformations are 
1- To reduce the number of information channels that must be considered. 
2- To attempt to concentrate the information content of interest into the 
reduced number of bands (Sabins, 1997).        
 
2.5 Global Positioning System 
The original name of the system is NAVSTAR (Navigation System for 
Timing and Ranging), famous as GPS (Global Positioning System). The 
development of satellite navigation systems was a major breakthrough in 
many fields. The navigation system with timing and ranging-Global 
Positioning System (GPS) operated by the United States Ministry of 
Defence, was the first system in place. It was developed in the late 1970s 
and 24 satellites were launched from 1989 to 1994. GPS have many 
applications. Location and navigation are the most important functions of 
satellite navigation systems in NFRIs, to establish new field plots or to find 
plots that were established earlier. Target points are geographically defined 
by coordinates and need to be located in the field. This technology may 
make it possible to navigate with higher accuracy, particularly in the open 
area like tropical dry region (Kleinn, 2002). 
 
 
 
 
 
 
 
 
Chapter ΙΙΙ 
Study Area 
 
3.1 Location  
Sudan was surveyed long time ago and mapped into quarter million map 
sheets. Each map sheet is a rectangle 165 × 110 km or 1½º × 1º. 
 
 In the present study, Karkoj map sheet was chosen for implement field 
work in connection with ground survey and remote sensing. The study area 
Karkoj map sheet is that part of Sinar State, lies between longitudes 32° 58' 
and 35° 42'E and latitudes. 12° 5' and 14° 7'N. Sennar State is surrounded 
by Gazera State to the north, Blue Nile State to the south, Gadaref State to 
the east and White Nile and Upper Nile to the west. The total area of study 
area is 691086.7 ha present 17% of the total area of the state, (Figure 3.1). 
 
Figure (3.1): Study area 
3.2 Population 
According to 1993 census the population of Sennar State is 977.650 capita 
with an annual increase of 2.68% most of those lives along the Blue Nile 
and it is tributaries (Dinnder, Rahad etc) and the rainfed agricultural areas 
(Ministry of Finance and Economics, 1996) by projection, the present 
population is 1318.263 capita. 
 
3.3 Climate  
The climate of the area is tropical and continental. The year is sharply 
divided between the single very humid, rainy summer and autumn season 
(April - May to October) and the intensely dry winter and spring. The 
winter months of December and January are relatively cold, with night 
temperatures as low as 7º c. March to November are potentially very hot 
except in so far as the temperatures are reduced by rainfall and evaporation. 
 
The rainfall on the central Sudan is associated with the West African 
system, derived from South Atlantic and Congo air masses, with little or no 
Indian Ocean influence. The study area lies in the zone in which rainfall 
decreases to the north-west, and classified as poor savannah, where the 
rainfall varies between 300mm-500mm. Annual values of average rainfall 
in Sudan as general have decreased markedly since the early 1960s (Osman 
and Shamseldeen, 2002). 
 
During the rains the maximum temperature lies around 30ºc and the 
minimum around 20 ºc, which is also the dew point temperature. These 
values remain steady at Tozi throughout July, August and much of 
September, the energy exchanges presumably being stabilized by the large 
total heat capacity of the wet clay soil. As the rains decline the maxima rise, 
and with the arrival of dry northerly air towards the end of October the 
minima fall and the maxima rise as the moisture in soil and plants becomes 
exhausted, so that the diurnal range increases to about 25 ºc. The relatively 
cool winter months of December and January, with minima down to below 
10 ºc, are followed by a general rise of temperatures is February and March. 
The maxima then often reach 40 ºc, imposing extreme conditions of heat 
and desiccation on the perennial vegetation, and the minima rise to 20-25 
ºc. These unpleasant conditions are relieved at length by the first rains of 
the new season (Table 3.1).  
 
 
 
Table (3.1): Average of rainfall and temperature for fifty years- Sennar 
State 
Station 1941-1950 1951-1960 1961-1995 
 Tem. 
cº 
Rainfall 
mm 
Tem. 
cº 
Rainfall 
mm 
Tem. 
cº 
Rainfall 
mm 
Sennar 28.4 472 28.5 463 28.4 410 
Source: Singa metrological station (1994)   
      
3.4 Vegetation 
The general account of the vegetation of the Sudan are by Harrison and 
Jackson,  (1958) who present a general classification of Sudan vegetation 
and attempted to correlate it with  the systems of other writers on Africa 
vegetation. The main vegetation communities of the study area described 
below: 
3.4.1 Bush land and thicket  
(i) Acacia mellifera- Cadaba rotundifolia thicket and bush land. Acacia 
mellifera thicket often associated with Cadaba rotundifolia and to a lesser 
extent Boscia senegalensis. The bushes and small trees of A. mellifera and 
the associated woody species stand up to 3 m high and the vegetation is 
generally open with scrubby individuals and more or less extensive thickets 
or clumps of woody species separated by stretches of short grass. The 
common grasses are Tetrapogon spathaceus, Sehima ischaemoides and 
Beckeropsis nubica. Acacia mellifera may be locally absent and then a 
Cadaba rotundifolia bush land or open grassland, composed mainly of the 
annuals Cymbopogon nervatus and Sorghum purpureosericeum, about 60-
90 cm high, or on low-lying soils, of the perennial Ischaemum afrum, is 
found. 
 
(ii) Acacia nubica bush land. An Acacia nubica bush land, often with 
scattered Calotropis procera, occurs around villages on Kerrib soils near 
the Blue Nile and at the base of hills on the clay plain. The bushy Acacia 
nubica stands 120-150 cm high and the plants frequently touch giving a 
continuous low thicket. Its distribution seems clearly associated with 
disturbance, particularly by livestock.  
 
(iii) Riverain thickets and bush. Along the banks of the Blue Nile thickets 
of Ziziphus sp. occur commonly on dark grey-brown sandy loams of the 
erosion slope (Kerrib) area close to the river. 
 
Other constituents of riverain bush recorded in the same survey are Cordia 
spp., Cadaba rotundifolia, Crateva adansonii, Salvadora persica, Maytenus 
sp., piliostigma reticulatum, Grewia villosa, Balanaites aegyptiaca, Boscia 
senegalensis, Maerua angolensis, Tamarindus indica, Ficus sp. and 
gardenia sp. 
 
3.4.2 Woodland  
(i) Acacia Senegal wood land. The trees are tapped extensively for gum 
(gum Arabic) by the local people. The trees are 4-6m high, casting a 
tenuous shade, and are spaced 6-10m apart so that the wood land is light 
and open. The herbaceous flora in this type is similar to that of the Acacia-
short grass association (A(І) and(ІІ) above) though no large areas of open 
grass land have been found in it. This occurrence of A. senegal wood land 
noticed by Smith (1949) is not recorded by Harrison and Jackson (1958). 
 
 (ii) Acacia seyal- A. fistula- Balanites aegyptiaca wood land with areas 
of tall annual open grass land. This community, which has been studied in 
more detail than the others described here, occurs extensively to the south 
of the Acacia millefera- Cadaba rotundifolia bush land and thicket, in the 
650-800 mm rainfall belt. It is woodland or sometimes wooded grassland 
(Gillman 1949) composed mainly of flat-topped Acacia seyal and A. fistula 
trees about 6-10m high with a ground flora of tall annual grasses, 2-3 m 
high intermingled with annual herbs many of which twine among the 
grasses. 
 
In places, especially towards the populated zone along the Blue Nile, and 
associated erosion grooves, Balanites aegyptiaca, this is difficult to fell and 
produces an edible though purgative fruit collected by the local people, 
grows in pure communities without any Acacia seyal.  
 
The annual grasses of the A. seyal woodland and associated secondary grass 
areas include the tall (1-3m) species Sorghum purpureosericeum, 
Hyparrhenia confinis, Sorghum spp., Cymbopogon nervatus, Rottboellia 
exalatata, Barchiaria obtusiflora and, in denser wood land, Beckeropsis 
nubica. B. nubica is not restricted to these sites, but other species are 
apparently excluded, so that it dominates the grass flora in them. Sehima 
ischaemoides, a short annual grass about 60 cm high, is locally dominant 
over small areas, particularly at the drier side of the zone. These grasses are 
almost always found in the woodland in pure stands of varying size and 
with a distinct boundary. This patchy distribution suggests instability 
probably associated with disturbance by cultivation, grazing or fire. 
 
A. campylacantha often forms dense thicket communities in the A. seyal- A. 
fistula- Balanites aegyptiaca woodland, in open glades that appear to be old 
cultivation sites. 
 
(iii) Broad-leaf deciduous woodland. This is the characteristic vegetation 
of rocky hills throughout the area, but it also occurs on the clay plain in the 
more southerly parts, generally in areas where the slope of the land is more 
pronounced than in the Acacia seyal-A. fistiula- Balanites aegyptiaca 
woodland. It may also occur in patches of more permeable (Fuda) soils in 
the Acacia- tall grass area. 
 
3.4.3 Grassland  
(i) Brachiaria obtusiflora wet grassland. The vegetation on the annually 
flooded grey clays of wide shallow depressions consists of open grassland 
of B. obtusiflora associated with the herbs Ipomoea repens, Caperonia 
serrata, Cyperus spp., and the grasses Eriochloa nubica, Panicum 
porphyrrhizos and Echinocloa colonum. Two interesting but rare 
constituents of this grassland are Cloris gayana and Cynodon dactylon. 
Along its margins this grassland merges, often through a zone of wooded 
grassland, into the Acacia fistula woodland of the surrounding dark grey 
clay. 
 
3.4.4 Forest 
(i) Acacia nilotica forest. Pure stands of A. nilotica about 15-20 m high, 
occur in seasonally flooded basins along the margins of the Blue Nile and 
are sometimes found on similarly flooded areas, such as drainage channels 
hollows and old shallow surface catchments tanks (Hafirs), on the clay plain 
inland from the Blue Nile. These forests, many of which are managed or 
regulated by the Forests National Corporation (FNC), are of considerable 
economic importance as they provide hard and durable timber, and fuel for 
Nile steamers.     
 
 
 
 
 
 
 
 
 
 
 
 
Chapter ΙV 
Materials and Methods 
 
4.1 Introduction 
The methodology component of this research work was divided into two 
parts: the first part is the theoretical framework, which is based on 
literature, related to the objectives of the study, in order to select the 
methodologies appropriate to the study requirements. The second part 
explains the application of the methodologies selected in part one. 
 
The following sections outline the methodologies used in the study, which 
include data collection, data analysis, interpretation and the methods for 
data assessment and mapping. 
 
4.2 Methods of data collection 
Data collected is based on ground measurements, landsat thematic mapped 
(TM) landsat image, Global Positioning System (GPS) and information 
from Thematic maps. 
 
4.2.1 Ground measurements 
It consists of visits to the study area to carryout measurement, of sample 
plots that was measured in 1996, thus reading to successive measurements 
between the two periods of time (1996 and 2005) to use the data for 
identifying the changes that have occurred during this period. 
Measurements were made in 1996 within the (NFRI) plan. The same plots 
distributed in Karkoj map sheet were re-measured in 2005. GPS was used in 
2005 to locate the previously measured plots in 1996. Measurements of 
fixed area plots on systematic sampling (10 km x 10 km) throughout the 
area constituted the inventory procedure. Location of sample plots in the 
field was carried out using the global positioning system receiver (GPS). 
The use of this device helps to revisit the sample plots and allow the 
inventory to become a continuous forest inventory (CFI) (Figure 4.1). The 
first fieldwork was done in 1996, by National Forest Inventory (NFI) of the 
FNC in collaboration with the FAO, through the project “Forest 
Development in the Sudan 1990-1996”. The second visit to the study area 
was made in May 2005, for fieldwork supported by the Faculty of Forestry, 
University of Khartoum conducted for the present study. 
 
Recorded plot data included the following: species, number of stems, 
regeneration and species share. The plot area was 2000 m2 (20 m x 100 m) 
and the plot orientation was East – West. The number of plots that were 
revisited in 2005 was 39. 
 
Once data was entered into a computer (tree file and plots file), editing was 
done to insure that the species code is correct, sort the data of all plots for 
the two years by plot number, compare each data base record with the tally 
sheets to ensure all plots have been entered. 
 
The process includes data sorting plot No. and comparison of database. 
SPSS program was used to calculate the number of stems per hectare, the 
number of regeneration per hectare and the tree species share. The 
regeneration identified as the trees less than 4.0 cm diameter at root collar. 
 
 For the plots file land cover type was identified according to NFRI 
classification. Percentage of each class calculated using the SPSS computer 
program. Each plot represents 0.2 of hectare.    
 
 
Figure (4.1): The image of 1996 and the sample plots layout in Karkoj 
map sheet 
 
4.2.2 Satellite image interpretation 
 
 Landsat TM image covering the study area was selected for the analysis. 
The image was classified as medium-resolution satellite multi-spectral 
system, (Table 4.1). The image was taken from the study area in 1996. A 
combination of Three band (1,2,3) was used in this study, TM band 1 is 
useful for soil-vegetation differentiation, TM band 2 detects green 
reflectance for healthy vegetation and band 3 is designed for detecting 
chlorophyll absorption in vegetation (Lillesand et. al., 1994). 
 
Table (4.1) provides the main characteristics of the image  
Sensor TM 
Platform Land sat 485 
Spatial resolution 30 m 
Ground resolution 30 m 
Spectral bands 7 
Swath width 185 km 
Revisit time 16 days 
Path/Row no. 172/51 
 
4.3 Land cover determination 
This study used the same definition that has been used by the National 
Forest Inventory Project (FAO, 2001) defining forest as 10% crown closure 
as a lower limit for land to be considered as forestland. 
       
4.4 Digital image processing  
In remote sensing digital image processing historically stems from two 
principal application areas, the improvement of the information for human 
interpretation and the processing of image data for computer-assisted 
interpretation. Image processing is the use of computers to analyze image. 
Images may be in black and white or coloured images. The colours 
presented by digital number (DN), in a range of 8 bit data= 256, each image 
data set has a range from 0 to 255. These numbers constitute the digital 
image. The whole task of digital image processing revolves around 
increasing spectral separately of the objects on the image. Accordingly, the 
following tasks have been performed on the image in the present study by 
using ERDAS and ARCVEW computer programs. 
4.5 Image analysis 
4.5.1 Visual image interpretation 
Image interpretation can be defined as the study of the imaged objects of 
the earth surface, the selection or extraction of those features relevant to the 
objectives of the study, the analysis of the selected features with the 
objective to come to a deduction of their significance for the specific field 
of study. Visual interpretation and identification of digital imagery were 
performed manually or visually. Data were examined and displayed as 
black and white (monochrome) image, as well as coloured image by 
combining different channels or bands that represented different 
wavelengths.  
      
4.5.2 Training areas 
 As a first step of the supervised classification procedure, training areas 
were selected for each determined class (Ground truth). These areas are 
known to belong to a particular class e.g. forest. They are used to examine 
the spectral characteristics of each class to achieve an optimal reparability. 
Although, to get an unique response for each feature is crucial and the art of 
training area acquisition thus, the image interpretation key for the classes of 
interest (Sylvana, 2004).   
 
4.5.3 Image classification 
Using satellite data for forest classification is a common and proven method 
in temperate as well as tropical forest areas (Hildebrandt, 1996). The aim of 
this procedure is to generate spatially explicit generalizations that show 
individual classes selected to represent different scales of land organization. 
Extraction of land cover information from digital remotely sensed data may 
be performed using either supervised or unsupervised classification. The 
study used the supervised classification; the identity and location of some of 
the land cover types are known as a priori through a combination of 
fieldwork, maps and personal experience. It was done by locating specific 
sites in the remotely sensed data that represent homogenous examples of 
these known land cover types. The classification provides numerical 
interpretation key that describes the spectral attributes for each feature in 
the area of interest. The spectral qualities of pixels in data set are 
numerically compared to each category and labelled with name of land 
cover. Accordingly, land cover classified to six classes characterizes the 
land cover on the study area (Table 4.2). 
 
Table (4.2): Category classification of the study area     
Class No Class name 
1 
2 
3 
4 
5 
6 
Forest 
Scattered trees and shrub 
Agriculture 
Bare land 
Water 
settlements 
 
Chapter V 
Results 
 
5.1 Introduction 
This section presents the results; according to land cover estimation, land 
cover change, and the dynamic of the changes obtained from ground survey 
in 1996 and 2005. Landsat TM image (1996) interpretation result was used 
for comparison with ground survey with regard to estimated land cover. The 
results summarized the areas of each class and its relative frequency 
compared to other classes. The area was categorized into six main types of 
cover: forest land, agricultural land, scattered trees and shrubs, bare land, 
water and settlements.  
  
5.2 Land cover according to ground survey 
The study presented land cover estimates for 1996 and 2005using ground 
measurements. 
 
5.2.1 Land cover in 1996 
Figure (5.1) gives a summary of the various land covers found in the 
inventoried area according to ground survey in 1996. The forest cover 
represents the highest portion recording 47.1% of the study area. The 
scattered trees and shrubs is the second in order representing 23.5% 
indicating that the two categories represent 70.6%. Rainfed agricultural land 
is 17.7%, other land cover including water body and settlements represent 
8% and 2%, respectively in the study area while bare land is 0%. 
  
The assumption on which land cover categories was based states that the 
percentage of sample plots (to total number of plots) in any land cover 
represents the percentage of that land cover to total land.  
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Figure (5.1) land cover based on ground survey 1996 
5.2.2 Land cover in 2005 
Figure (5.2) gives details of the various land covers found in the inventoried 
area according to ground survey in 2005. The agricultural land represents 
the highest segment in the study area reading 38.2% with an increase of 
21.5% from that in 1996; forest cover 17.7% showing a decline by 29.4% 
from that shown in 1996 (Figure 5.1), scattered trees and shrubs 14.7% 
which also shows a decrease of 8.8% from the figure in 1996, water body 
(river, depression, wadys, mayaa, etc) about 6%, settlement 2.9%, and 
about 20.6% of the study area is bare land appeared in this period not seen 
before.   
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Figure (5.2) land cover according to ground survey 2005 
5.3 Cover changes during 1996- 2005 
Land cover changes and cover dynamics were detected using measurements 
in 1996 and 2005. 
  
5.3.1 Land cover change according to ground survey 
The main change in the land categories of the study area accrued in relation 
to agricultural land, forested area and bare land. The total area covered by 
forest and scattered trees and shrubs which was 70% of the land area in 
1996 has been reduced to 31% with a total loss of 39%. This is clearly 
indicated by the increase in the area of agricultural land and the area of bare 
land. The forests lost about one third of its area between the period 1996-
2005 and the area of the scattered trees and shrubs decreased by 8.8% while 
agricultural land increased from 17.7% to 38.2 % equal to 142283ha (Figure 
5.3). 
 
 
Figure (5.3) Cultivation activity in the study area 
 
The bare land area also increased from 0% to 20.6%. No marked difference 
in other categories between the periods 1996-2005 in the study area. This 
explains that the processes of forest cover changes in the study area are 
reflected in increasing agricultural land and bare land during the addressed 
10 years (Table 5.1).    
 
 
 
 
Table (5.1) Change of Forestland during 1996-2005 (ground survey)  
Land categories 1996 in % in1996 ha In 2005  
% 
In 2005 ha Change 
% 
Change 
ha 
Annual 
change 
% 
Forest 47.1 325217.3 17.7 121956 (-) 29.4 203261 (-)2.9 
Scattered trees and 
shrubs 
23.5 162608 14.7 101630.4 (-)   8.8 60978 (-)0.9 
Agriculture 17.7 121956 38.2 264239 (+) 20.6 142283 (+)2.1 
Bare land 0 0 20.6 142282.6 (+) 20.6 142282 (+)2.1 
Water 8.8 60978 5.9 40652.2 (-)   2.9 20326 (-)0.3 
Settlements 2.9 20326 2.9 20326 0 0 0 
total 100.0 691086.7 100.0 691086.7    
5.3.2 Dynamic of the change 
Table 5.2 explain the dynamic of cover changes from any category to another 
during the ten years period between 1996 and 2005. Considering the total area 
of the forest (325217.3 ha) identified in the study area in 1996 (Table 5.2), 
there was about 101630.4 ha remained or maintained on the same land up to 
2005, while about 40652.2 ha has been degraded to become scattered trees and 
shrubs. This change might have occurred through selective logging leading to 
forest degradation into scattered trees and shrubs with crown closure > 10%, 
meaning that this category is not forest. The forest land of 1996 also lost 
142282.6 ha converted to agriculture. This type of conversion is a 
deforestation process that took place by clear felling of the forest for 
cultivation taking place during 1996-2005. In addition, 40652.2 ha were 
converted from forest to bare land which is also a deforestation process. The 
total deforestation from forestland was accordingly 182934.8 ha (18293.48 
ha/year). 
 
 Deforestation also occurred as a result of conversion of the land cover 
category of scattered trees and shrubs into agriculture or into bare land thus 
increasing deforestation. In Table (5.2) 20326.1 ha of scattered trees and 
shrubs were converted to agriculture, and 101630.4 ha were converted to bare 
land while only 40652.2 ha of the area of scattered trees and shrubs identified 
in 1996 were stable as the same category in 2005. 
 
 On the other hand about two third of the agricultural land identified in 1996 is 
stable while 20326.1 ha and 20326.1 ha were changed into forest cover and 
into scattered trees and shrubs respectively, (Table 5.2) that means 
rehabilitated from agriculture to forest, and same portion also returned to 
scatter trees and shrubs (Table 5.2). Agriculture gained some area (20326.1 
ha) of what was water in 1996 entered into agricultural land use.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (5.2) Dynamic of the land cover change during 1996-2005 area/ha 
                                                                                                     1996 
2005 Forest Scattered trees 
and shrubs 
Agricultur
e 
Bare land Water Settlements Total 
Forest 101630.4 0 20326.1 0 0 0 121956.48 
Scattered trees and 
shrubs 
40652.2 40652.2 20326.1 0 0 0 101630.40 
Agriculture 142282.6 20326.1 81304.3 0 20326.1 0 264239.04 
Bare land 40652.2 101630.4 0 0 0 0 142282.56 
Water 0 0 0 0 40652.2 0 40652.16 
Settlements 0 0 0 0 0 20326.1 20326.08 
Total 325217.3 162608.6 121956.5 0 60978.2 20326.1 691086.72 
5.3.3 Land cover changes in the Eastern part of the study area 
Figure (5.4) shows the land cover change accrue in forest area in eastern part 
of the Blue Nile. Forest cover decreased from 50 % of the land area of 1996 to 
13 % in 2005. Also the category of scattered trees and shrubs indicates a 
decreasing trend from 32% to 23%. The agricultural and bare land on the other 
hand increased from 18% and 0.0% to 36% and 28%, respectively indicating 
high rates of deforestation.  
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Figure (5.4) Land cover changes in the Eastern part of the study area 
5.3.4 Land cover changes in the Western part of the study area 
Figure (5.5) shows that the forest cover in 1996 was 62% of the land area. It 
decreased in 2005 to 50% while the scattered trees and shrubs showed an 
increase from 12% in 1996 to 26% in 2005. However, the agricultural land 
area west of the Nile indicated a decrease from 25% in 1996 to 12% in 2005. 
It is the bare land area that showed an increase from 0.0% in 1996 to 12% in 
2005.  
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Figure (5.5) Land cover changes in the Western part of the study area 
 
5.3.5 Change in species share in the study area 
Table (5.3) shows that twelve tree species were recorded in the study area in 
1996 compared with only five species in 2005. This indicates that there are 
many species lost in the study area during the study period.  
 
Table (5.3) species recorded in 1996 and 2005 
Local name Scientific name Mean No./ha in  
1996 
Mean No./ha in      
2005 
Talh Acacia seyal 46 35 
Hashab Acacia senegal 26 40 
Kitir Acacia mellifera 14 13 
Heglig Balanites aegyptiaca 9 7 
Laut Acacia nubica 5 10 
Sider Ziziphus sp. 2 0 
Subagh Terminalia sp. 2 0 
Kulkul Bauhenia rufescens 1 0 
Abanous Dalbergia melanoxylon 3 0 
Salgam Acacia gerradii 2 0 
Goddeim Grewia tenex 1 0 
Tundub Capparis desidua 4 0 
 
 
 
 
 
 
 
 
 
 
5.3.6 Changes in tree stock 
Figure (5.6) Shows that some species abundance decreased while others 
increased. While Acacia seyal and Balanites aegyptiaca decreased in number 
per ha, Acacia nubica and Acacia senegal showed increasing trend. There is 
evident decreased in valuable species. 
 
 
 
 
Figure (5.6) Change in trees density/ha 
5.3.7 Changes in seedlings stock 
Figure (5.7) shows that for some species including Acacia seyal and Balanites 
aegyptiaca, the number of seedlings recorded in 2005 was lower than the 
number recorded in 1996. This may justify that the number of trees of these 
two species was declining during the period 1996-2005. On the other hand the 
number of seedlings of Acacia nubica, Acacia mellifera and Acacia senegal 
are increasing.  
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Figure (5.7) change in seedlings density/ha 
 
5.4 Land cover detection using remote sensing 
The detailed classification of the different land cover types and the forest 
distribution according to the landsat TM image of the year 1996 is presented 
in Figure (5.8) below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure (5.8): land cover types in the study area 
5.5 Land cover based on ground survey vs. remote sensing  
Figure (5.9) shows the land cover categories obtained by ground survey 
(1996) and remote sensing (2005). The figure indicates the similarity between 
the two methods of survey, with minor difference. For the forest cover and for 
the category of scattered trees and shrubs the ground survey gives estimation 
greater than that obtained by remote sensing (6% and 3.6%, respectively). For 
agricultural land estimation, the remote sensing gives estimation greater than 
that obtained by ground survey by 3.7% (Table 5.4). 
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Figure (5.9) comparison between land cover categories delineated by remote 
sensing and ground survey 1996 
Table (5.4): comparisons of land cover defined by remote sensing and ground survey 1996. 
 
Land category G.Su.  
 % 
G.Su. 
ha 
R. S.   
% 
R. S. 
ha 
Different  
% 
Different 
ha 
Forest 47.1 325217.3 40.99 283276.4 6.07 41940 
Scattered trees and shrubs 23.5 162608 19.93 137733.6 3,6 24874 
Agriculture 17.7 121956 21.40 147892.6 3.75 25937 
Bare land 0 0 8.5 58742.31 8.5   58742 
Water 8.8 60978 9.12 63027.11 0.32    2049 
Settlements 2.9 20326 0.073 504.49 2.83 19822 
 
G.Su. = Ground survey 
R.S.   = Remote sensing 
Chapter VΙ 
Discussion 
 
6.1 Forest cover change 
The use of successive inventory allows observation and records changes 
that take place over time. The forest cover area decreased from 325217 ha 
in 1996 to 121956 ha in 2005 resulting in 20326.1 ha annual deforestation.  
That mean the forests will loose all its cover after 6 years if it continues by 
this trend.  
 
Also there is a process of degradation in the forest cover. The number of 
stems per hectare is decreasing and the forest became more open. The 
species recorded in the study area decreased by 59.4% during the study 
period and some species replaced by other uneconomic and of low value 
species as a result of grazing and over exploitation of forests, as explained 
in Table (5.3).  
 
The International Union for Conservation of Nature and Natural Resources, 
stated that 20 percent of all existing species in dry areas will disappear 
within ten years (Malingreau, 1992).  
 
6.2 Factors behind Deforestation  
There are many reasons behind deforestation. No doubt, under such 
conditions man plays the most powerful and persistent role causing or 
contributing to such land cover changes. As hypothesized, the major cause 
of deforestation in the study area is land clearance for mechanized farming 
(Table 5.2). Cultivation expands leading to removal of natural woody 
 ii
vegetation and this conversion on land leads to deforestation especially in 
the marginal areas. Most of the land in the study area converted to 
agricultural land under intensive cultivation. 
 
 Large schemes are allocated to individuals while the majority, who used 
the land in the past as traditional farming, are not given land. This might be 
one of the reasons that lead to illegal degradation. Land tenure systems can 
also contribute to the problem of forest cover changes. Most of the land in 
the Sudan is government owned, which explains that most of the land is 
used for modern agriculture leased to tenants in large-scale mechanized 
rainfed farming. 
 
 In the late 1980s, however, the great area of land used for pasture and for 
subsistence cultivation was communally owned under customary land laws 
that varied somewhat by location but followed a broadly similar pattern of 
tenure. In agricultural communities, the right to cultivate an area of unused 
land became vested in the individual who cleared it for use. The rights to 
such land could be passed on to followers, but ordinarily the land could not 
be sold or otherwise disposed off. 
 
Because the communities no longer see the forest as theirs they have begun 
to perceive all their activities in the forests as illegal, with the consequence 
that forest utilization practices have become increasingly damaging. This 
behaviour is further enhanced by the restrictive Forest Act of 1989. 
Inevitably the forest resource base of the study area has decreased rapidly 
because of a lack of public concern and an increase in overexploitation and 
illegal activities.  
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Many authors agree on those subjects. Abdalla, (1991) and Elmoula, 
(1985) note that illegal cutting for energy purpose (fuel wood, charcoal 
making) and excessive clearance for agriculture by mechanized scheme 
farmers have decimated the forest resources in the study area. Despite the 
Forestry Act of 1989 that stipulates people’s involvement and access to 
forests, the role of the government as the custodian of common property 
(forest) has remained unchanged.  
 
In an effort to stem the deforestation in the study area, several initiatives 
have been undertaken at the state and national levels. This is reflected in 
large area of reserved forests, community forests and private forests. The 
community forests in the Sennar state is progressively increasing in area 
and are put under sustainable management. 
 
Tanzania has had significant advancement in community ownership, which 
has been adopted in several districts and is planned to be expanded in more 
than hundred gazetted forest reserves. In this approach, full management 
authority of the forest, or rather wood land has been given to communities. 
Some of these communities even received the title deeds. The communities 
carry out management activities and when required they can have extension 
from the government, who have a monitoring task. Officials, however, 
have inadequate means for control if the forest is not managed in a 
sustainable way (Wily, 1997).  
 
New forest management arrangements are necessary in the Sudan, if the 
continued degradation and deforestation is to be averted. Securing 
community rights to trees and forest products would support local people’s 
participation in natural resource management.        
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6.3 Restoration problems 
The results show that there is a considerable regeneration occurring in the 
area. However, when it is compared to the average stem counts of trees or 
shrubs, it appears that something is preventing the regeneration from 
becoming of any size. This is probably due to grazing pressure and 
clearance of forest area for agriculture that lead to destruction of seedlings 
and reduce seeds in seeds bank. The dominant tree species have less count 
of seedlings in 2005 than 1996 (Figure 5.6) while the least abundant 
species have more counts of seedlings in 2005 than 1996. 
 
 Livestock have a vital social and production role as well as providing an 
insurance against periods of drought and hardship.  But the land is 
overstocked with resultant over exploitation. This overgrazing results in, 
and contributes to the loss of vegetation, soil degradation and erosion. 
Increased use of land for agriculture and grazing during the past decades 
has reduced the number of regeneration in dry areas and reduced the extent 
of forest. When forests converted to agricultural land, seed banks are often 
dominated by fast growing grasses and herbs. As anthropogenic clearings 
increase in size, recovery of the vegetation may be delayed because of the 
limited dispersal capacity of forest tree. 
 
Some authors agreed with this issue e.g. Miller, (1999) stated that many 
species have their seed bank becoming bankrupted because of some factors 
such as; fire, grazing and intensive cultivation.  
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6.4 Remote sensing vs. ground survey for forest cover 
estimation  
The results of this study have been conducted through remote sensing data 
and ground survey methods. The results obtained in this study based on 
ground survey gave reliable information and in high details e.g. number of 
stem per hectare, species share, regeneration, and information about 
biological diversity. The results obtained by remote sensing mainly give 
information about land cover type. Malingreau, (1992) agreed on this 
subject. Three main types of parameters linked to deforestation can be 
measured by remote sensing: vegetation types, change in land use and 
cover and certain surface biophysical characteristics. All remote sensing- 
based forest resources assessment need to be supported by field 
observations or measurements. In principle, a certain minimum number of 
field plots is needed for each image (Kleinn, 2002). Consequently, up to 
now there is a need for ground survey as a complementary tool for forest 
inventory. 
 
 Remote sensing with ground control points (GCPs) gives reliable 
information about the categories examined without large difference 
between the two methods (Figure 5.8). Today, an efficient integration of 
different information sources is sought, including remote sensing. Field 
work is particularly indispensable for large range of variables that cannot 
be observed through remote sensing technology within an acceptable range 
of accuracy. Remote sensing, combined with ground control points, is the 
choice for mapping and landscape-level analysis (Kleinn, 2002). 
 
 The results obtained by remote sensing data gave a slight difference in 
estimation of vegetation cover in the study area compared with ground 
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survey. This may not consider logging or harvested areas in the evaluation 
of land type by remote sensing. In the present study there is a little 
difference in agricultural land estimated by remote sensing as compared to 
that estimated by ground survey.  
 
 As Mike, (1998) pointed out, the use of remotely sensed images allows for 
the mapping of large areas efficiently and in a digital manner that allows 
for accuracy assessment and integration with geographic information 
systems. The ground survey limitation is that it rely on samples and can not 
be able to cover the vegetation over the whole area, and difficult to obtain 
the information at any time and for any place especially in closed area, and 
complex topography. 
 
Remote sensing can solve this problem through updating the information 
while using a small number of sample plots needed in forest inventory.  
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Chapter VΙΙ 
Conclusions and recommendations 
 
7.1 Conclusions 
Considering the results provided by the study the following conclusions 
and recommendations can be drawn.  
   
The research community concerned with the global environmental change 
faces a significant "information gap" problem. In most areas in the world 
particularly in the developing dry countries, little information has been 
collected on change in land cover, and specifically data on change in forest 
resources. In cases where forest measurements has been applied (e.g., 
forest plot sampling), it has usually been conducted for only one point in 
time. Remote sensing and continuous forest inventory is particularly 
important in forest change detection and monitoring because they help fill 
this information gap.  
 
The gains of this study are contained in providing better and more, new and 
up to date information, and more accurate measurements, putting the cost 
in time and money in consideration. 
 
The results obtained by this research emphasize that the remote sensing 
gives reliable information and when assisted by ground measurements 
provides more detailed information. 
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Specify the target area through remote sensing helps to reduce the work by 
ground survey. Consequently, expected to reduce the money expended and 
also reduce waste of time. Harmonize the work by two methods give better 
information about forest resource and its changes. 
  
The agricultural land is rapidly expanding coupled with severe 
encroachment on the forest in the study area. The monoculture agricultural 
land use exposes the land to deforestation and degradation especially under 
intensive cultivation of marginal land, which requires intensive and costly 
work for rehabilitation. 
 
7.2 Recommendation 
The combination of ground survey and remote sensing images is 
recommended to be used in future forests inventories, because it reduces 
the number of sample plots needed and reduce efforts, time and money 
spent in forest inventories and ensures inventory updating. 
 
Community participation in forest management is recommended so as to 
halt the acceleration of deforestation and land degradation.  
 
Agroforestry, or other systems of integrated land use is recommended for 
restoration and re-vegetation in the study area as alternative to the 
monoculture. 
 
Continuous forest inventory by permanent sample plots assisted by Global 
Positioning System (GPS) are recommended as more effective methods in 
forest resource assessment.    
 ix
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